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(37) ABSTRACT

At least one lithography apparatus that suppresses a decrease
in the accuracy of stage control 1s provided. A lithography
apparatus includes a moving unit configured to move with
an original or a substrate mounted thereon, a plurality of
measurement units configured to obtain information about a

position ol the moving unit, measurement arcas of the
respective measurement units overlapping each other, and a
control unit configured to switch the measurement units used
to obtain the information about the position of the moving
unit, based on a switching position lying in an overlapping
measurement area, wherein, 1n a case where a plurality of
processes 1s performed on one of a plurality of processing
targets on the original or on the substrate, the control unit
makes the switching position changeable and controls the
measurement units so that the same one of the measurement
units 1s used 1n performing the plurality of processes.
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LITHOGRAPHY APPARATUS, PATTERN
FORMING METHOD, AND METHOD FOR
MANUFACTURING PRODUCT

BACKGROUND OF THE INVENTION

Field of the Invention

The present disclosure relates to a lithography apparatus,
a pattern forming method, and a method for manufacturing
a product.

Description of the Related Art

Lithography apparatuses for forming a pattern on a sub-
strate are used to manufacture semiconductor devices and
flat panel displays. Examples of the lithography apparatuses
include an exposure apparatus and an imprint apparatus.
High productivity and mimaturization technique are
demanded of lithography apparatuses. A stage which 1s
driven with a substrate or an original mounted thereon
accordingly needs to be driven at a high speed and with high
accuracy. For high-speed and high-accuracy stage control,
the position of the stage 1s measured by using a high-
resolution laser interferometer and a reflecting mirror that
serves as a target of the laser light and has a flatness of high
accuracy. As the driving range of the stage increases, the
reflecting mirror increases 1n length. This has caused issues
such as a difliculty in achieving a flatness of high accuracy
and an increase in cost.

As an approach to address such i1ssues, Japanese Patent
Application Laid-Open No. 2002-319541 discusses a tech-
nique for performing position measurement by switching a
plurality of laser interferometers. According to Japanese
Patent Application Laid-Open No. 2002-319541, a plurality
of laser interferometers 1s used and switched 1n an area
where the plurality of laser interferometers can simultane-
ously make a measurement. In such a manner, position
measurement and position control across the entire driving,
range of the stage are achieved.

A Iithography apparatus performs a focus measurement
process 1n a Z direction to obtain a focus oflset before
performing a process on a substrate. The lithography appa-
ratus also performs an alignment measurement process 1 X
and Y directions to obtain alignment offsets. The lithography
apparatus then retlects the obtained focus and alignment
oflsets on stage control and performs the process on the
substrate. If the focus measurement process 1n the 7 direc-
tion 1s performed by using a plurality of laser interferom-
cters, a position to switch the laser interferometers 1s deter-
mined 1 a coordinate system of stage driving. With the
alignment oflsets retlected on the stage control, the same
processing target (for example, shot) may thus be measured
by using different laser interferometers 1n the focus mea-
surement process and 1n the process on the substrate.

In a case where the same process 1s performed on the
same substrate for a plurality of times, the same processing
target may be measured by using different laser interferom-
cters. For example, 1f the alignment measurement process 1s
performed for a plurality of times, the stage may be driven
in different directions 1n the plurality of processes depending
on the position of the stage when the previous process ends.
Thus, even the same processing target (for example, align-
ment mark) may thus be measured by using different laser
interferometers.

Further, in a case where the same process 1s performed on
different substrates having the same shot layout, correspond-
ing processing targets at the same positions on the substrates
may be measured by using different laser interferometers.
For example, 1n a case where the alignment measurement
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process 1s performed on corresponding alignment marks, the
alignment marks on the different substrates may be mea-
sured by using diflerent laser interferometers depending on
a difference in the amount of positional deviation between
cach substrate and the substrate stage and a diflerence in the
driving direction of the substrate stage.

Laser imterferometers and reflecting mirrors have unique
characteristics due to manufacturing errors. Depending on
the unique characteristics, the same target measured by
different interferometers may produce errors in the measure-
ment result. Such measurement errors change the character-
istic of the stage control.

Consequently, 11 a plurality of processes 1s performed on
the same processing target or corresponding processing
targets, the use of different laser interferometers for the stage
control may cause a change in the characteristic of the stage
control to decrease the accuracy of the stage control.

SUMMARY OF THE INVENTION

The present disclosure 1s directed to a lithography appa-
ratus, a pattern forming method, and a method for manu-
facturing a product that are capable of suppressing a
decrease in the accuracy of the stage control.

According to an aspect of the present disclosure, a lithog-
raphy apparatus that forms a pattern on a substrate 1s
provided, the lithography apparatus including a moving unit
configured to move with an original or the substrate
mounted thereon, a plurality of measurement units config-
ured to obtain information about a position of the moving
unit, measurement areas of the respective measurement units
overlapping each other, and a control unit configured to
switch the measurement units used to obtain the information
about the position of the moving unit, based on a switching
position lying in an overlapping measurement area, wherein,
in a case where a plurality of processes 1s performed on one
ol a plurality of processing targets on the original or on the
substrate, the control unit makes the switching position
changeable and controls the measurement unmits so that the
same one of the measurement units 1s used 1n performing the
plurality of processes.

According to other aspects of the present disclosure, one
or more additional lithography apparatuses, one or more
pattern forming methods, and one or more methods for
manufacturing a product are discussed hereimn. Further fea-
tures of the present disclosure will become apparent from
the following description of exemplary embodiments with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a configuration of an
exposure apparatus.

FIG. 2 1s a diagram 1illustrating a configuration 1in which
a plurality of measurement units 1s arranged.

FIG. 3 1s a diagram 1illustrating measurement areas and a
switching position of the measurement units.

FIG. 4 1s a flowchart of exposure process processing.

FIG. 5 1s a diagram 1illustrating a positional relationship
between a waler and a top stage.

FIG. 6 1s a diagram 1illustrating a stage position 1n a focus
measurement process.

FIG. 7 1s a diagram 1illustrating a stage position when the
switching position 1s changed.

FIG. 8 1s a diagram illustrating the numbers of the
measurement units that measure respective shots.
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FIG. 9 1s a diagram 1llustrating a stage position at the time
of measuring an alignment mark when the top stage moves

in a +X direction.

FIG. 10 15 a diagram 1llustrating a stage position when the
switching position 1s changed.

FI1G. 11 1s a diagram illustrating two laser interferometers
for measuring a stage position 1n a Y direction.

FIG. 12 1s a diagram illustrating a reticle stage to which
a plurality of laser interferometers 1s applied.

FIG. 13 1s a diagram 1llustrating a top surface of the reticle
stage to which the plurality of laser interterometers 1s
applied.

FIG. 14 1s a diagram 1illustrating a stage position at the
time of an exposure process according to a conventional
technique.

FIG. 15 1s a diagram illustrating the numbers of the
measurement units that measure respective shots according,
to the conventional technique.

FIG. 16 1s a diagram 1llustrating a stage position at the
time ol measuring an alignment mark when the top stage
moves 1n a —X direction according to the conventional
technique.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

Exemplary embodiments of the present disclosure will be
described 1n detail below with reference to the drawings.
The following exemplary embodiments deal with examples
where an exposure apparatus 1s used as a lithography
apparatus. In the drawings, similar members are designated
by the same reference numerals. A redundant description
thereof will be omitted.

A first exemplary embodiment will be described below.
FIG. 1 1s a diagram 1illustrating a configuration of an
exposure apparatus. The exposure apparatus according to
the present exemplary embodiment includes a light source
unit (not 1llustrated). Examples of a light source include a
high pressure mercury lamp and an excimer laser. If the light
source 1s an excimer laser, the light source unit 1s not
necessarily iside a chamber of the exposure apparatus but
can be externally attached to the apparatus. Light emitted
from the light source unit 1lluminates a not-illustrated reticle
(original or mask) via an illumination unit 32. The reticle has
a pattern to be transierred onto a wafer (substrate) to which
a photosensitive material 1s applied. The reticle 1s mounted
on a reticle stage 33 (moving unit). The reticle stage 33
sucks and holds the reticle via a reticle chuck (not 1llus-
trated). For example, the reticle stage 33 1s configured to be
movable by a linear motor (not illustrated).

A projection unit 34 projects the pattern drawn on the
reticle onto a water (not 1llustrated) placed on a water chuck
26. The projection unit 34 1s supported by a barrel support
35. Main body active mounts 36 support the barrel support
35 while suppressing vibrations. The main body active
mounts 36 also blocks vibration from the floor. The main
body active mounts 36 and stage active mounts 37 are
installed on a positioning surface plate 38.

A focus sensor 20 includes a light projection system for
projecting light (a plurality of beams) on the wafer, a light
reception system for receirving reflection light from the
waler, and a detection unit that detects the light from the
light reception system and outputs a detection signal to a
control unit 301. The light projection system and the light
reception system are arranged, in a Y direction, with a
vicinity of an emission part ol the projection unit 34 ther-
cbetween. The light projection system irradiates the water
with oblique incident light, and the light reception system
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4

captures the reflected light on the opposing side. The control
unmt 301 determines a displacement amount of the wafer in
a /. direction based on the detection signal obtained by the
focus sensor 20.

Fixed mirrors 21 and 22 are mirrors intended for mea-
surement 1n the Z direction. The fixed mirrors 21 and 22 are
fixed to the barrel support 35. A moving mirror 39 attached
onto a top stage 27 includes two retlection surfaces, inte-
grating a mirror 30 intended for measurement in the Z
direction and a mirror 29 intended for measurement 1n an X
direction.

An X stage 31 1s movable 1n the X direction. A'Y stage 40
1s movable i the Y direction. A stage surface plate 41
supports the Y stage 40 and the X stage 31. The stage active
mounts 37 suppress vibrations of the stage surface plate 41,
which occur due to the movement of the X stage 31 and the
Y stage 40, and blocks vibration from the floor. The X stage
31 and the Y stage 40 are supported by the stage surface
plate 41 via hydrostatic bearings (not illustrated) 1n such a
manner that the X stage 31 and the Y stage 40 are not in
contact with the stage surface plate 41.

X linear motors 42 are stage-driving linear motors for
moving the X stage 31 1n the X direction. Movers of the X
linear motors 42 are arranged on the X stage 31, and stators
of the X linear motors 42 are arranged on the stage surface
plate 41. The stators may be supported on the stage surtace
plate 41 via hydrostatic bearings (not 1llustrated) in such a
manner that the stators are not in contact with the stage
surface plate 41. Alternatively, the stators may be fixed to the
stage surface plate 41. There are also provided stage-driving
Y linear motors (not illustrated) for moving the Y stage 40
in the Y direction. Movers of the Y linear motors are
arranged on the Y stage 40, and stators thereof are arranged
on the X stage 31, thereby generating a driving force in the
Y direction between the X stage 31 and the Y stage 40.

The top stage 27 1s mounted on the Y stage 40. The top
stage 27 can be finely moved with respect to the Y stage 40
by an actuator (not illustrated). A laser interferometer 23 1s
a laser interferometer for measuring a relative position 1n the
Y direction between the barrel support 35 and the top stage
27 on which the wafer 1s mounted, and for measuring an
attitude of the top stage 27. Similarly, there 1s provided a
laser interferometer 24 (not i1llustrated 1n FIG. 1, see FIG. 2)
for measuring a relative position in the X direction between
the barrel support 35 and the top stage 27 and for measuring
the attitude of the top stage 27. Further, a laser interferom-
cter 25 for measuring a relative position 1n the Z direction
between the barrel support 35 and the top stage 27 1s fixed
to the X stage 31. The laser mterferometer 25 measures a
distance to the moving mirror 39 from the X stage 31 via the
fixed mirrors 21 and 22. The position of the top stage 27 can
also be measured by using 7 displacement sensors 43 that
are arranged 1n the Y stage 40. The Z displacement sensors
43 are displacement sensors provided separately from the
laser interferometer 25. Examples of the Z displacement
sensors 43 include a linear encoder and a capacitance sensor.
The Z displacement sensors 43 measure displacements of
the top stage 37 with respect to the Y stage 40 at three
locations, and thus can measure displacements of the top
stage 27 1n the Z direction and tilt directions. It should be
noted that two of the three Z displacement sensors 43 are
illustrated 1n FIG. 1. The other one Z displacement sensor 43
1s not 1llustrated.

The water chuck 26 1s mounted on the top stage 27 and
holds the water. The top stage 27 positions the watfer chuck
26 1n the Z direction, a O direction, an mX direction, and an
oY direction.
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The water held by the water chuck 26 1s thus moved by
driving of the X stage 31, the Y stage 40, the top stage 27,
and the water chuck 26. The X stage 31, the Y stage 40, the
top stage 27, and the wafer chuck 26 will be collectively
referred to as a water stage (moving unit). The configuration 53
of the moving unit 1s not limited to the aforementioned
configuration.

The control unit 301 1s an mnformation processing appa-
ratus such as a computer, and includes a central processing,
unit (CPU), a memory, and so on. The control unit 301 10
controls various units and devices of the exposure apparatus
and performs various arithmetic operations. The control unit
301 may be configured of a plurality of immformation pro-
cessing apparatuses.

FIG. 2 1s a diagram 1illustrating a configuration in which 15
a plurality of measurement units 1s arranged. In the present
exemplary embodiment, two laser mterferometers that can
measure an overlapping area are used to measure a stage
position 1n the single direction (Z direction).

Interferometers 25a and 256 are two interferometers for 20
measuring the stage position in the 7 direction. The inter-
terometers 235a and 255 are both mounted on the X stage 31.
The laser interterometers 25a and 2556 are arranged so that
beams emitted from the laser interferometers 25q and 2355
are perpendicular to an XY plane. Alternatively, the beams 25
are guided to be perpendicular by optical elements such as
a mirror. In the present exemplary embodiment, the beams
emitted from the laser interferometers 25a and 236 are
respectively made incident on mirrors 30a and 3056 each
having a retlection surface parallel to the XY plane via fixed 30
mirrors 21a, 215, 22a, and 225, whereby the position of the
top stage 27 1n the Z direction 1s measured. Herein, a first
measurement unit includes the fixed mirrors 215 and 2256
and the mirror 306 that form a laser light beam path of the
laser beam emitted from the laser interferometer 2556, and 35
the laser interferometer 25b6. A second measurement unit
includes the fixed mirrors 21a and 22q and the mirror 30a
that form a laser light beam path of the laser beam emitted
from the laser interferometer 25a, and the laser interferom-
cter 25a. Each measurement unit detects a change in the path 40
length of the laser light beam path to obtain information
about the position of the top stage 27 (reflection surface of
the mirror 30a or 30b), such as the position in the Z
direction, speed, and acceleration.

In the control unit 301, a CPU 302 obtains measurement 45
values from the first measurement unit and the second
measurement unit, and stores the measurement values 1n a
memory 303 (storage umnit). The CPU 302 performs a
switching control between the first measurement unit and the
second measurement unit according to the position of the top 50
stage 27 1n the X direction. In this way, the position of the
top stage 27 in the 7Z direction can be measured while
avoiding obstacles that blocks measurement light of a lens
barrel of the projection unit 34. In the switching control, the
control unit 301 passes a measurement value from the 55
measurement unit by which the CPU 302 has made mea-
surements so far to the measurement unmit by which the CPU
302 1s going to make measurements. The position of the top
stage 27 at which the measurement values are switched lies
in a measurement area where the two laser interferometers 60
25a and 235a are both able to make a measurement (over-
lapping measurement area). By appropnately switching the
measurement units, the CPU 301 constantly outputs a mea-
surement value of the position of the top stage 27 in the Z
direction. 65

FI1G. 3 1s a diagram 1illustrating the measurement areas and
the switching position of the measurement units. The driving,

6

range of the top stage 27 n the X direction 1s divided mto
measurement areas. A first measurement area 1s an area
where only the first measurement unit makes a measure-
ment. An overlapping measurement area 1s an area where
both the first measurement unit and the second measurement
unit can make a measurement. A second measurement area
1s an area where only the second measurement unit makes a
measurement. The first measurement unit and the second
measurement unit are switched when an arbitrary position of
the top stage 27 passes through a switching position 104.
Examples of the arbitrary position of the top stage 27 include
a left end, a center, and a right end of the top stage 27.
Suppose that the arbitrary position of the top stage 27 1s the
right end. In FIG. 3, the right end of the top stage 27 1s
located at a position in a =X direction with respect to the
switching position 104. Thus, FIG. 3 illustrates a state where
the first measurement unit 1s being used for measurement. IT
the top stage 27 1s driven 1n a +X direction and the right end
of the top stage 27 passes through the switching position
104, the first measurement unit 1s switched to the second
measurement unit. While the elements constituting the water
stage, such as the X stage 31, are also driven, FIG. 3
illustrates only the top stage 27 for the sake of simplicity.

FIG. 4 1s a flowchart of exposure processing. In the
present exemplary embodiment, processing targets on the
substrate are described as shots. In step S01, a water to
which a photosensitive material 1s applied 1s conveyed to the
waler chuck 26 by a conveyance hand (not illustrated). As
described above, the water chuck 26 1s mounted on the top
stage 27. The water chuck 26 1s attached so that 1ts origin
coincides with that of the top stage 27. However, 1n fact,
there may be an error between the orngins.

In step S02, a focus measurement process 1s performed 1n
the 7Z direction on each shot on the conveyed water to obtain
a Tocus oflset. At this time, to make measurements shot by
shot, the waler stage 1s driven via the same paths as 1n an
exposure process (substrate process) for exposing the sub-
strate to the pattern of the reticle.

In step S03, alignment offsets of the conveyed water 1n
the X and Y directions are obtained. As employed herein, the
alignment offsets refer to the offsets of each waler for
adjusting deviations between the stage origin and the wafer
origin in the X direction, the Y direction, and a 07 direction.
Alignment marks with respect to the shots may be measured
to obtain the alignment oflsets of each shot for adjusting
deviations of the shot origin 1n the X, Y, and 07 directions.
Steps S02 and S03 may be performed 1n parallel.

FIG. 5 1s a diagram 1illustrating a positional relationship
between a water and the top stage 27. The stage origin and
the origin of a lens (projection lens; not illustrated) of the
projection unit 34 are typically positioned to each other upon
startup of the exposure apparatus. If a water origin 102 of a
water 103 placed on the water chuck 26 (not illustrated in
FIG. §) coincides with a stage origin 101 of the top stage 27,
the alignment offsets are zero. In fact, as illustrated in FIG.
5, the wafer origin 102 and the stage origin 101 do not
comncide due to the foregoing errors of the origins of the
waler chuck 26 and the top stage 27 and errors occurring
from the conveyance of the wafer 103. For the sake of
clanfication, FIG. 5 illustrates the stage origin 101 and the
waler origin 102 to have a large deviation. The deviation
usually 1s small.

Betore the exposure process, the control unit 301 then not
only obtains the focus oflset but measures the alignment
mark formed on the wafer as well to measure relative
deviations in the X and Y directions. The alignment mark on
the water 1s measured under an alignment scope (not illus-
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trated mn FIG. 1; see FIG. 9 to be described below). The
alignment scope 1s a microscope mcluding an off-axis opti-
cal system that has an optical axis ofl that of the projection
lens. A through-the-lens (TTL) microscope for performing
measurement through the projection lens may be used as the
alignment scope.

Referring back to FIG. 4, 1mn step S04, the obtained
alignment oflsets are reflected on control of the wafer stage
(stage control). This enables stage control with reference to
the water origin 102.

In step S05, the focus oflset obtained 1 step S02 are
reflected and an exposure process 1s performed on each shot
on the wafer.

In step S06, whether the last wafer has been processed 1s
determined. If the last waler has been processed (YES 1n
step S06), the processing ends. If the last water has not been
processed (NO 1n step S06), the processing returns to step
S01 and the next wafer 1s conveyed.

FIG. 6 1s a diagram illustrating a stage position 1n the
focus measurement process. Sumilar to FI1G. 3, the upper part
of FIG. 6 illustrates the first measurement area, the over-
lapping measurement area, the second measurement area,
and the switching position 104 1n the X direction. The upper
part of FIG. 6 further illustrates the top stage 27 and the
waler 103 1n cross sections, and 1llustrates the stage origin
101, the water origin 102, and a shot 106 laid out on the
waler 103. An amount of deviation 108 represents the
amount of deviation 1n the X direction between the stage
origin 101 of the top stage 27 and the wailer origin 102 of the
waler 103. The amount of deviation 108 serves as the
alignment offset 1n the X direction. The lower part of FIG.
6 illustrates a top view of the wafer 103, illustrating the
position of the shot 106. The focus measurement process on
the shot 106 1s performed with the top stage 27 in the
position illustrated 1n FIG. 6. Since the top stage 27 here 1s
located 1n the —X direction of the switching position 104, the
first measurement unit 1s used to measure the stage position
in the 7 direction. The top stage 27 1s driven 1n a coordinate
system with reference to the stage origin 101.

FIG. 7 1s a diagram 1illustrating a stage position when the
switching position 1s changed. The same reference numerals
as 1n FIG. 6 will be used. An exposure process on the shot
106 1s performed with the top stage 27 in the position
illustrated 1n FIG. 7. Since the alignment offsets are retlected
on the stage control, the top stage 27 1s driven 1n a coordinate
system with reference to the water origin 102. As compared
to the case of FIG. 6, the position of the top stage 27 1s
shifted 1n the +X direction by the amount of deviation 108.
In other words, the position of the top stage 27 changes by
the alignment offsets between during the oflset measurement
and during the exposure process of the shot 106. The
switching position 104 1s then made changeable so that the
measurement unit used in the focus measurement process of
a shot and the measurement unit used in the exposure
process of the shot are the same. In step S04 of FIG. 4, when
the alignment ofisets are reflected on the stage control, the
switching position 104 1s changed to a position shifted by the
amount of deviation 108. More specifically, the switching
position 104 1s changed to a switching position 105 shifted
by the amount of deviation 108 in the +X direction. Since the
top stage 27 here 1s located i the -X direction of the
switching position 105, the first measurement unit 1s used to
measure the stage position i the 7 direction. The measure-
ment unit used 1n the focus measurement process of the shot
106 and the measurement unit used 1n the exposure process
of the shot 106 are therefore the same. The switching
position 104 1s made changeable so that the same measure-
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ment unit 1s used 1n the focus measurement process and the
exposure process with respect to all of the shots, similar to

the shot 106. While the top stage 27 1s described to move 1n
the +X direction, the top stage 27 may move 1n the -X
direction, 1n which case the switching position 1s shifted 1n
the —X direction. If the ahgnment offsets are obtained of
cach shot on the water 103 1n step S05 of FIG. 4, the
switching position may be changed by the alignment offsets
ol the shot as well as the amount of deviation 108 before the
shot 1s exposed.

FIG. 8 1s a diagram illustrating the numbers of the
measurement units that measure the respective shots. Shots
marked with “1” represent ones measured by the first
measurement unit. Shots marked with “2” represent ones
measured by the second measurement unit. As described
above, the switching position between the measurement
units 1s changed so that the measurement unit used in the
focus measurement process of each shot and the measure-
ment unit used 1n the exposure process of the shot are the
same. As indicated by the numbers of the measurement units
on the respective shots 1n FIG. 8, if the focus measurement
process and the exposure process of a plurality of shots are
performed, each single shot 1s processed by using the same
one of the measurement units.

Information about the measurement units used for the
respective shots may be managed and the switching position
may be changed so that each single shot 1s processed by
using the same measurement unit. In step S02 of FIG. 4, the
control unit 301 stores the information about the measure-
ment unit used in the focus measurement process of each
shot 1n the memory 303. In step S05 of FIG. 4, the control
unmt 301 reads the mformation about the used measurement
units from the memory 303 shot by shot, and changes the
switching position so that the same measurement units are
used 1n the exposure process.

In the foregoing description, the first and second, two
measurement units are used. However, the present exem-
plary embodiment 1s not limited to two measurement units
and may be applied when there 1s configured a plurality of
measurement units. The measurement units are described to
use the laser interferometers. However, other sensors such as
a linear encoder and a capacitance sensor may be used.

The processes that use the same measurement units are
described to be the focus measurement process and the
exposure process. However, the processes are not limited
thereto. For example, 11 the exposure process 1s followed by
a process for driving the water stage to measure the result of
the exposure process ol each shot (process for measuring a
result of the substrate process), the measurement units to be
used may be similarly made the same for improved accuracy
of the measurement result.

If a plurality of processes 1s performed, the processes on
one processing target use the same measurement unit for
stage control. This can suppress a decrease in the accuracy
of the stage control due to a change in the characteristic of
the stage control.

COMPARAITIVE EXAMPL.

(L]

FIG. 14 1s a diagram 1illustrating a stage position during an
exposure process according to a conventional techmique.
The same reference numerals as 1n FIG. 6 will be used. The
exposure process of the shot 106 1s performed with the top
stage 27 1n the position illustrated 1n FIG. 14. Since align-
ment oifsets are retlected on the stage control, the top stage
277 1s driven 1n the coordinate system with reference to the
waler origin 102. As compared to the case of FIG. 6, the
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position of the top stage 27 1s shifted in the +X direction by
the amount of deviation 108. In other words, the position of
the top stage 27 changes by the alignment offsets between
during the focus oflset measurement and during the expo-
sure process of the shot 106. According to the conventional
technique, the position of the top stage 27 1s located in the
+X direction of the switching position 104 due to such a
positional deviation. The stage position in the Z direction 1s
thus measured by using the second measurement unait.

FIG. 15 1s a diagram illustrating the numbers of the
measurement units that measure the respective shots. Shots
marked with “1” represent ones that are measured by the first
measurement unit. Shots marked with “2” represent ones
that are measured by the second measurement unit. Shorts
marked with “1, 27 represent ones that are measured by the
first measurement unit during the focus oflset measurement
and by the second measurement unit during the exposure
process. As described above, 11 the switching position of the
measurement units 1s not changed, some of the shots are
measured by using different measurement units in the focus
measurement process and the exposure process.

As described above, according to the conventional tech-
nique, the focus measurement process and the exposure
process on the same shot may use different measurement
units for stage control. Depending on a difference in the
characteristics of the respective measurement units, errors
can thus occur 1n the measurement results. This has some-
times caused a change in the characteristic of the stage
control with a decrease 1n the accuracy of the stage control.

An exposure apparatus according to a second exemplary
embodiment will be described. Matters not mentioned here
may adhere to the first exemplary embodiment. The first and
second measurement units are similar to those of the first
exemplary embodiment. The present exemplary embodi-
ment describes a case where there 1s a plurality of switching,
positions for switching the measurement units. Suppose that
the switching of the measurement units 1s controlled by one
switching position as in the first exemplary embodiment. In
such a case, 1f the top stage 27 stops near the switching
position, the switching units can be frequently switched due
to control deviations. The frequent switching of the mea-
surement units makes the measurement values unstable and
lowers the accuracy of the stage control. To suppress such a
phenomenon, a plurality of switching positions can be
provided 1n one direction. Note that even 11 the top stage 27
1s 1n the same position, the measurement unit to measure the
top stage 27 1n the Z direction can be different depending on
the moving direction of the top stage 27. 11 the same process
1s performed a plurality of times, the moving direction of the
top stage 27 in performing the process on the same process-
ing target may be different depending on the position of the
top stage 27 when the previous process ends. This also
applies to the focus measurement process and the exposure
process described 1n the first exemplary embodiment. In the
present exemplary embodiment, the alignment measurement
process will be described.

A switching position 111 and a switching position 112 are
made changeable so that the same measurement unit 1s used
to perform the alignment measurement process on an align-
ment mark regardless of the moving direction of the top
stage 27.

FIG. 9 1s a diagram 1llustrating a stage position during an
alignment mark measurement when the top stage 27 moves
in the +X direction. The alignment scope 109 measures the
position of an alignment mark 110 within the wafer surface.
There 1s a plurality of alignment marks arranged within the
waler surface. The alignment mark 110 illustrated in FIG. 9

10

15

20

25

30

35

40

45

50

55

60

65

10

1s one of the alignment marks. If the top stage 27 moves 1n
the +X direction and the stage position 1n the Z direction 1s
measured by the first measurement unit, the control unit 301
switches from the first measurement unit to the second
measurement unit when the right end of the top stage 27
passes the switching position 111.

FIG. 9 1illustrates the case where the top stage 27 moves
in the +X direction and the stage position in the Z direction
1s measured by the first measurement unit. Since the right
end of the top stage 27 1s located 1n the —X direction of the
switching position 111, the stage position 1n the Z direction
1s measured by the first measurement unit.

FIG. 10 1s a diagram 1llustrating a stage position when the
switching position 1s changed. The alignment scope 109
measures the position of the alignment mark 110 within the
waler surface. There 1s a plurality of alignment marks
arranged within the water surface. The alignment mark 110
illustrated 1 FIG. 10 1s one of the alignment marks. The
alignment measurement process of the alignment mark 110
1s performed with the top stage 27 1n the position 1llustrated
in FIG. 10. Since the right end of the top stage 27 1s located
in the +X direction of the switching position 112, the stage
position 1n the Z direction 1s supposed to be measured by the
second measurement unit. The switching position 112 1s then
changed to a switching position 113 so that the same
measurement unit 1s used for the alignment mark 110 when
the top stage 27 moves 1n the +X direction and when in the
—-X direction.

A distance 114 1s the moving distance from the switching
position 112 to the switching position 113. The switching
position 113 moved from the switching position 112 by the
distance 114 may be in the +X direction of the right end of
the top stage 27 and 1n the —X direction of the switching
position 111 when the alignment scope 109 measures the
alignment mark 110. Here, the measurement unit used when
the top stage 27 moves 1n the —X direction 1s described to be
changed to the first measurement unit which 1s used when
the top stage 27 moves in the +X direction. However, the
measurement unit to be used when the top stage 27 moves
in the +X direction may be changed to the second measure-
ment unit that 1s used when the top stage 27 moves in the —X
direction. In such a case, the switching position 111 1s moved
to a position 1n the —X direction of the right end of the top
stage 27.

Similar to the first exemplary embodiment, information
about the measurement units used for the respective align-
ment marks may be managed and the switching positions
may be changed so that each alignment mark 1s processed by
using the same measurement.

The present exemplary embodiment has dealt with the
alignment measurement process. However, the present
exemplary embodiment 1s not lmmited to the alignment
measurement process and may be applied to the focus
measurement process and the exposure process described 1n
the first exemplary embodiment. The present exemplary
embodiment may similarly be applied to a reference mark
measurement process on a reference mark formed on a water
stage such as the top stage 27. The position of the reference
mark 1s detected via the projection unit 34 and/or the
alignment scope 109 to measure the origin position of the
waler stage or a distance between the optical axis of the
projection unit 34 and the alignment scope 109. Similar to
the alignment measurement process, the same reference
mark may be measured by using diflerent measurement units
depending on the moving direction of the water stage. Then,
in the reference mark measurement process, the switching
position of the measurement units can be moved to perform




US 10,241,419 B2

11

control so that the same measurement unit 1s used in the
measurement process of the same reference mark. While the
measurement units are described to use laser interferom-
cters, other sensors such as a linear encoder and a capaci-
tance sensor may be used.

Consequently, 1f the waler stage moves 1n a plurality of
directions in performing a process, the process on one
processing target uses the same measurement unit for stage
control. This can suppress a decrease 1n the accuracy of the
stage control due to a change in the characteristic of the
stage control.

COMPARATIVE EXAMPL

L1l

FIG. 16 1s a diagram 1llustrating a stage position during an
alignment mark measurement when the top stage 27 moves
in the —X direction. The same reference numerals as 1n FIG.
9 are used. In FIG. 16, the top stage 27 1s moving in the —-X
direction after the top stage 27 moves 1n the +X direction
and the control unit 301 switches from the first measurement
unit to the second measurement unit. According to the
conventional technique, if the second measurement unit 1s
used to measure the stage position in the Z direction, the
control unit 301 switches from the second measurement unit
to the first measurement unit when the right end of the top
stage 27 moves 1n the —X direction and passes the switching
position 112. In FIG. 16, the right end of the top stage 27 1s
located 1n the +X direction of the switching unit 112, and the
stage position in the Z direction 1s measured by the second
measurement unit.

As described above, according to the conventional tech-
nique, even 1n the alignment measurement process for
measuring the same alignment mark with the top stage 27 in
the same position, the stage control can be performed by
using different measurement unmts depending on the moving,
direction of the top stage 27. Depending on a difference 1n
the characteristics of the respective measurement units,
errors can occur in the measurement results. This has
sometimes caused a change 1n the characteristic of the stage
control with a decrease 1n the accuracy of the stage control.

An exposure apparatus according to a third exemplary
embodiment will be described. Matters not mentioned here
may adhere to the first and second exemplary embodiments.
The first and second measurement units are similar to those
of the first exemplary embodiment. The third exemplary
embodiment describes an example in which a process such
as an exposure process 1s performed on a plurality of wafers
having the same shot layout.

If the exposure process 1s performed on a plurality of
walers, corresponding shots, for examples, ones in the same
positions on the waters are desirably processed by using the
same measurement unit. The reason 1s that a change 1n the
characteristic of the stage control can be suppressed to
reduce variations of the exposure results between the waters.

If a plurality of wafers 1s processed, the amount of
positional deviation between the water origin 102 and the
stage origin 101 illustrated in FIG. 5 may vary from one
waler to another. The drniving direction of the wafer stage
(top stage 27) may vary from one waler to another even 1n
the same process. By the methods for making the switching,
position(s) of the first and second measurement units
changeable as in the first and second exemplary embodi-
ments, the same measurement unit may be unable to be used
for the process on corresponding processing targets on
different wafers.
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The control unit 301 then switches the measurement units
so that the same measurement unit 1s used for the process
(exposure process) on corresponding shots between the
plurality of waters.

For that purpose, the control unit 301 reads information
about the measurement units to be used for the shots from
the memory 303, and switches the measurement units based
on the information. The control unit 301 obtains the infor-
mation about the measurement units used for the shots on the
first wafer processed, and stores the information 1n the
memory 303. Alternatively, the exposure apparatus illus-
trated in FIG. 1 may further include a keyboard, a mouse,
and/or other input device (input unit), and the user may nput
the information about the measurement units to be used for
the shots from the input device (not 1llustrated) and store the
information in the memory 303. For example, as illustrated
in FIG. 8, the information is that in which the numbers of the
used measurement units are associated with the shots. The
exposure apparatus may Iurther include a not-i1llustrated
communication device (communication unit) for performing
clectrical communication with an external apparatus via an
electrical communication line, and obtain the information
from a measurement apparatus, server, or other external
apparatuses (not 1llustrated) connected via the electrical
communication line and store the information 1n the memory
303. In any case, 1n steps S02 and S05 of FIG. 4, the control
unit 301 reads the information about the measurement units
to be used for the shots from the memory 303, and selects
the measurement units to be used 1n the exposure process. In
such a manner, the measurement units can be selected so that
the same measurement unit 1s used in the exposure process
of not only a shot on the same water but also corresponding
shots on the wafers having the same shot layout. That 1s, the
measurement units can be selected so that the same mea-
surement unit 1s used for the processing of corresponding
processing targets even between different wafers.

Consequently, the corresponding processing targets
between different walers are processed by using the same
measurement unit for stage control. This can suppress a
decrease 1n the accuracy of the stage control due to a change
in the characteristic of the stage control.

An exposure apparatus according to a fourth exemplary
embodiment will be described. Matters not mentioned here
may adhere to the first, second, and third exemplary embodi-
ments. The present exemplary embodiment describes a case
where there 1s a plurality of laser interferometers for mea-
suring the stage position 1n the Y direction.

FIG. 11 15 a diagram 1illustrating two laser interferometers
for measuring the stage position 1n the Y direction. Laser
interferometers 234 and 23e are the two laser interferom-
cters for measuring the stage position in the Y direction.
Mirrors 28a and 285 are both mounted on the top stage 27.
The laser interterometers 234 and 23e are arranged so that
beams emitted from the laser interferometers 234 and 23e
are horizontal to the XY plane, or configured so that the
beams are guided to be horizontal by optical elements such
as a mirror. The beams emitted from the respective laser
interferometers 234 and 23e¢ are made incident on the
mirrors 28a and 28b each having a reflection surface per-
pendicular to the XY plane, whereby information about the
position of the top stage 27 1 the Y direction 1s obtained.
Similar to the first exemplary embodiment, the two laser
interferometers 234 and 23e have an overlapping measure-
ment area. Similar to the first exemplary embodiment, the
switching position 1s changed so that the same measurement
unit (laser interferometer and retlecting mirror) 1s used 1n a
plurality of processes performed on a processing target (such
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as a shot). The present exemplary embodiment 1s similarly
applicable 11 a plurality of measurement units 1s configured
not only 1n the Y direction but 1n the X direction as well.
While the measurement units are described to use laser
interferometers, other sensors such as a linear encoder and
a capacitance sensor may be used.

Consequently, 1f a plurality of processes 1s performed, the
processes on one processing target use the same measure-
ment unit for stage control. This can suppress a decrease in
the accuracy of the stage control due to a change in the
characteristic of the stage control.

An exposure apparatus according to a fifth exemplary
embodiment will be described. Matters not mentioned here
may adhere to the first, second, third, and fourth exemplary
embodiments. The present exemplary embodiment describes
a case where a plurality of laser iterferometers for mea-
suring a plurality of stage positions 1s applied to a reticle
stage.

FI1G. 12 1s a diagram 1llustrating the reticle stage to which
the plurality of laser interferometers 1s applied. A laser
interferometer 435 1s one for measuring the position of the
reticle stage 33 in the Y direction. A mirror 44 1s mounted on
the reticle stage 33. FIG. 13 1s a diagram illustrating a top
surface of the reticle stage 33 to which the plurality of laser
interferometers 1s applied. There are two interferometers 43
and two mirrors 44, including laser interferometers 45 and
455 and mirrors 44a and 44b. The laser interferometers 45a
and 45b are two laser interferometers for measuring the
position of the reticle stage 33 1n the Y direction. The mirrors
d44a and 44b are both mounted on the reticle stage 33. Beams
emitted from the respective laser interferometers 45aq and
456 are made incident on the mirrors 44a and 4456 each
having a retlection surface perpendicular to the XY plane,
whereby mformation about the position of the reticle stage
33 in the Y direction i1s obtained. Similar to the {irst
exemplary embodiment, the two laser interferometers 45a
and 4556 have an overlapping measurement area. In performs-
ing a process for measuring a reticle mark on a reticle, the
control unit 301 selects the measurement units so that the
same measurement unit 1s used 1n the process for measuring
the same or corresponding reticle mark(s). In a process for
measuring a reference mark on the reticle stage 33, the
control unit 301 selects the measurement units so that the
same measurement unit 1s used 1n the process for measuring
the same reference mark. The present exemplary embodi-
ment may be similarly applied when a plurality of measure-
ment units 1s configured not only 1n the Y direction but in the
X and/or Z direction(s) as well. While the measurement
units are described to use laser interferometers, other sensors
such as a linear encoder and a capacitance sensor may be
used.

Consequently, 1f a plurality of processes 1s performed, the
processes on one processing target use the same measure-
ment unit for stage control. This can suppress a decrease in
the accuracy of the stage control due to a change in the
characteristic of the stage control.

(Method for Manufacturing Product)

A method for manufacturing a product, such as a device
(semiconductor device, magnetic recording medium, or lig-
uid crystal display element), a color filter, and a hard disk,
will be described. The manufacturing method includes a step
of forming a pattern on a substrate (waler, glass plate, or
film-like substrate) by using a lithography apparatus (such as
an exposure apparatus, an imprint apparatus, and a drawing
apparatus). The manufacturing method further includes a
step of processing the substrate on which the pattern 1s
formed. Such a processing step may include a step of
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removing a residual film of the pattern. The processing step
may further include other conventional steps such as a step
of etching the substrate with the pattern as a mask. As
compared to conventional methods, the method for manu-
facturing a product according to the present exemplary
embodiment 1s advantageous in terms ol at least one of
performance, quality, productivity, and production cost of
the product.

The exemplary embodiments of the present disclosure
have been described above. It will be understood that the
present disclosure 1s not limited to such exemplary embodi-
ments, and various changes and modifications may be made
within the scope of the gist thereol. For example, the
lithography apparatus 1s not limited to an exposure apparatus
that exposes a substrate to form a pattern. The lithography
apparatus may be a drawing apparatus that forms a pattern
on a substrate by performing drawing on the substrate by
using a charged particle beam (such as an electron beam and
an 10n beam) via a charged particle optical system. The
lithography apparatus may be an imprint apparatus that
forms a pattern on a substrate by forming (molding) an
imprint material (such as resin) on the substrate by using a
mold (original). An exemplary embodiment of the present
disclosure may further be applied to not only a lithography
apparatus but an apparatus that includes a stage for holding
an original or a substrate and the performance of which 1s
allected by the accuracy of stage control. The exposure
apparatuses according to the first, second, third, fourth, and
fifth exemplary embodiments may be carried out not only by
themselves but 1n combinations.

According to an exemplary embodiment of the present
disclosure, a lithography apparatus, a pattern formation
method, and a method for manufacturing a product which
suppress a decrease 1n the accuracy of stage control can be
provided.

While the present disclosure has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the disclosure 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2015-178949, filed Sep. 10, 2013, which 1s
hereby incorporated by reference herein 1n 1ts entirety.

What 1s claimed 1s:

1. A lithography apparatus that forms a pattern on a
substrate, the lithography apparatus comprising;:

a moving unit configured to move with an original or the

substrate mounted thereon;

a plurality of measurement units configured to obtain
information about a position of the moving unit, mea-
surement areas of the respective measurement units
overlapping each other; and

a control unit configured to obtain an amount of positional
deviation between the original or the substrate mounted
on the moving unit and the moving unit based on a
position of a mark formed on the original or the
substrate and switch the measurement units used to
obtain the information about the position of the moving
unit, based on a switching position lying in an over-
lapping measurement area,

wherein, 1n a case where a first process and a second
process that 1s performed after the first process are
performed on one of a plurality of processing targets on
the original or on the substrate, the control unit controls
the moving unit with reflecting the obtained amount of
the positional deviation after the first process 1s per-
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formed, changes the switching position based on the
obtained amount of the positional deviation after the
first process 1s performed and controls the measurement
units so that the same one of the measurement units 1s
used 1n performing the first and the second processes.

2. The lithography apparatus according to claim 1,
wherein the control unit changes the switching position
based on information about the measurement unit used for
the one processing target and controls the measurement units
so that the same measurement unit 1s used.

3. The lithography apparatus according to claim 2,
wherein the control unit stores the information about the
measurement unit in a storage unit.

4. The lithography apparatus according to claim 1,
wherein the processing target 1s any one of a shot on the
substrate, an alignment mark formed on the substrate, and a
reference mark formed on the moving unit on which the
substrate 1s mounted.

5. The lithography apparatus according to claim 4,
wherein the first process 1s one of a focus measurement
process, a substrate process, a measurement process ol a
result of the substrate process, an alignment measurement
process, and a reference mark measurement process and the
second process 1s another one of the focus measurement
process, the substrate process, the measurement process of a
result of the substrate process, the alignment measurement
process, and the reference mark measurement process.

6. The lithography apparatus according to claim 1,
wherein the processing target 1s either an alignment mark
formed on the original or a reference mark formed on the
moving unit on which the original 1s mounted.

7. The lithography apparatus according to claim 6,
wherein the first process 1s one of an alignment measure-
ment process or a reference mark measurement process and
the second process 1s another one of the alignment measure-
ment process or the reference mark measurement process.

8. The lithography apparatus according to claim 1, further
comprising a scope configured to measure the positon of the
mark formed on the substrate or the original mounted on the
moving unit,

wherein the control unit 1s configured to obtain the

amount of the positional deviation based on the posi-
tion of the mark measured by the scope.
9. A pattern forming method for forming a pattern on a
substrate using a lithography apparatus, the method com-
prising:
moving a moving unit of the lithography apparatus with
an original or the substrate mounted thereon;

obtaining information about a position of the moving unit
by a plurality of measurement units of the lithography
apparatus, measurement areas of the respective mea-
surement units overlapping each other;
obtaining an amount of positional deviation between the
original or the substrate mounted on the moving unit
and the moving unit based on a position of a mark
formed on the original or the substrate; and

switching the measurement units used to obtain the infor-
mation about the position of the moving unit, based on
a switching position lying 1n an overlapping measure-
ment area,

wherein, 1n a case where a first process and a second

process that 1s performed after the first process are
performed on one of a plurality of processing targets on
the original or on the substrate, the moving unit 1s
controlled with reflecting the obtained amount of the
positional deviation after the first process 1s performed,
the switching position 1s changed based on the obtained
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amount of the positional deviation after the first process
1s performed and the measurement units are controlled
so that the same one of the measurement units 1s used
in performing the first and second processes.

10. A method for manufacturing a product, the method

comprising;

forming a pattern on a substrate by using a lithography
apparatus; and

processing the substrate on which the pattern 1s formed by
the forming step,

wherein the lithography apparatus includes

a moving unit configured to move with an original or the
substrate mounted thereon,

a plurality of measurement units configured to obtain
information about a position of the moving unit, mea-
surement areas ol the respective measurement units
overlapping each other, and

a control unit configured to obtain an amount of positional
deviation between the original or the substrate mounted
on the moving umt and the moving unit based on a
position of a mark formed on the substrate or the
original and switch the measurement units used to
obtain the information about the position of the moving
unit, based on a switching position lying in an over-
lapping measurement area, and

wherein, 1n a case where a first process and a second
process 1s performed after the first process are per-
formed on one of a plurality of processing targets on the
original or on the substrate, the control unit controls the
moving unit with reflecting the obtained amount of the
positional deviation after the first process 1s performed,
changes the switching position based on the obtained
amount of the positional deviation after the first process
1s performed and controls the measurement units so that
the same one of the measurement units 1s used in
performing the first and second processes.

11. A lithography apparatus that forms a pattern on a

substrate, the lithography apparatus comprising;:

a moving unit configured to move with an original or the
substrate mounted thereon;

a plurality of measurement units configured to obtain
information about a position of the moving unit, mea-
surement areas ol the respective measurement units
overlapping each other; and

a control unit configured to obtain an amount of positional
deviation between the original or the substrate mounted
on the moving umt and the moving unit based on a
position of a mark formed on the original or the
substrate and switch the measurement units used to
obtain the information about the position of the moving
unit, based on a first switching position lying n an
overlapping measurement area and a second switching
position, lying in the overlapping measurement area,
different from the first switching positon,

wherein the control unit switches the measurement units
based on the first switching position while the moving
unit moves 1n a first direction and switches the mea-
surement units based on the second switching position
while the moving unit moves 1 a second direction
different from the first direction,

wherein, 1n a case where the moving unit moves 1n the
first and second directions in performing a process on
a plurality of processing targets on the original, on the
substrate, or on the moving unit, the control unit
changes the second switching position based on the
positon of the moving unit while the moving umt
moves 1n the second direction after the moving umit
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moves 1n the first direction and controls the measure-
ment units so that the same one of the measurement
units 1s used in performing the process on one of the
processing targets when the moving unit moves 1n the
first and the second directions.

12. The lithography apparatus according to claim 11,
turther comprising a scope configured to measure the posi-
ton of the mark formed on the substrate or the original
mounted on the moving unit,

wherein the control unit 1s configured to obtain the

amount of the positional deviation based on the posi-
tion of the mark measured by the scope.
13. A pattern forming method for forming a pattern on a
substrate using a lithography apparatus, the method com-
prising:
moving a moving unit of the lithography apparatus with
an original or the substrate mounted thereon;

obtaining information about a position of the moving unit
by a plurality of measurement units of the lithography
apparatus, measurement areas of the respective mea-
surement units overlapping each other;

obtaining an amount of positional deviation between the

original or the substrate mounted on the moving unit
and the moving unit based on a position of a mark
formed on the original or the substrate; and

switching the measurement units used to obtain the infor-

mation about the position of the moving unit, based on
a {irst switching position lying 1n an overlapping mea-
surement area and a second switching position, lying in
the overlapping measurement area, different from the
first switching positon,

wherein the measurement units are switched based on the

first switching position while the moving unit moves 1n
a first direction and switches the measurement units
based on the second switching position while the
moving unit moves 1n a second direction different from
the first direction,

wherein, 1n a case where the moving umit moves 1n the

first and second directions 1n performing a process on
a plurality of processing targets on the original, on the
substrate, or on the moving unit, the switching position
1s changed based on the positon of the moving unit
while the moving unit moves 1n the second direction
aiter the moving unit moves in the first direction and
the measurement units are controlled so that the same
one ol the measurement units 1s used 1n performing of
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the process on one of the processing targets when the
moving umt moves in the first direction and when the
moving unit moves 1n the second direction.

14. A method for manufacturing a product, the method

5 comprising;

10

15

20

25

30

35

40

45

forming a pattern on a substrate by using a lithography
apparatus; and

processing the substrate on which the pattern 1s formed by
the forming step,

wherein the lithography apparatus includes

a moving unit configured to move with an original or the
substrate mounted thereon,

a plurality of measurement units configured to obtain
information about a position of the moving unit, mea-
surement areas of the respective measurement units
overlapping each other, and

a control unit configured to obtain an amount of positional
deviation between the original or the substrate mounted
on the moving umt and the moving unit based on a
position of a mark formed on the original or the
substrate and switch the measurement units used to
obtain the information about the position of the moving,
unit, based on a first switching position lying in an
overlapping measurement area and a second switching
position, lying in the overlapping measurement area,
different from the first switching positon,

wherein the control unit switches the measurement units
based on the first switching position while the moving
unit moves 1 a first direction and switches the mea-
surement units based on the second switching position
while the moving unit moves 1 a second direction
different from the first direction,

wherein, 1mn a case where the moving unit moves 1n the
first and second directions 1n performing a process on
a plurality of processing targets on the original, on the
substrate, or on the moving unit, the control umit
changes the second switching position based on the
positon of the moving unit while the moving unit
moves 1n the second direction after the moving umt
moves 1n the first direction and controls the measure-
ment units so that the same one of the measurement
units 1s used in performing the process on one of the
processing targets when the moving unit moves in the
first direction and when the moving unit moves 1n the
second direction.
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